Telemedicine is the provision of health care services, through the use of information and communication technology, in situations where the health care professional and the patient, or 2 health care professionals, are not in the same location. It involves the secure transmission of medical data and information, through text, sound, images, or other forms needed for the prevention, diagnosis, treatment, and follow-up of a patient. First data on implementation of telemedicine for the diagnosis and treatment of acute myocardial infarction date from more than 10 years ago. Telemedicine has a potential broad application to the cardiovascular disease continuum and in many branches of cardiology, at least including heart failure, ischemic heart disease and arrhythmias. Telemedicine might have an important role as part of a strategy for the delivery of effective health care for patients with cardiovascular disease. In this document the Working Group on Telecardiology and Informatics of the Italian Society of Cardiology intends to remark some key-points regarding potential benefit achievable with the implementation of telemedicine support in the continuum of cardiovascular disease.
Introduction
Telemedicine is the provision of health care services, through the use of information and communication technology, in situations where the health care professional and the patient, or 2 health care professionals, are not in the same location [1] . According to the World Health Organization, telemedicine is defined as "the delivery of health care services, where distance is a critical factor, by all health care professionals using information and communication technologies for the exchange of valid information for diagnosis, treatment and prevention of disease and injuries, research and evaluation, and for the continuing education of health care providers, all in the interests of advancing the health of individuals and their communities" [2] .
It involves the secure transmission of medical data and information, through text, sound, images, or other forms needed for the prevention, diagnosis, treatment, and follow-up of a patient.
Telecardiology applications can be categorized as pre-hospital, inhospital and post-hospital. The major purpose of pre-hospital 12-lead electrocardiographic diagnosis is the early detection of acute myocardial infarction with ST-segment elevation and the communication of that information to the receiving emergency physician before the arrival of the patient [3] . In-hospital telecardiology is used between small hospitals in rural regions and main hospitals, with the aim to improve access to echocardiography diagnoses in the intensive care unit, emergency room and newborn nursery. Post-hospital applications include teleconsulting between general practitioners and specialists, home telenursing for chronic cardiac diseases and the diagnosis of arrhythmias.
First data on the implementation of telemedicine for the diagnosis and treatment of acute myocardial infarction date from more than a moving ambulance were reported even before [5] . Up to July 1, 2014 more than 540 references could be retrieved from a PubMed research by typing the key-words "telemedicine" and "cardiology" [6] .
In this document the Working Group on Telecardiology and Informatics of the Italian Society of Cardiology intends to remark some key-points regarding potential benefit achievable with the implementation of telemedicine support in the continuum of cardiovascular disease. The present study does not aim to be a comprehensive review nor to summarize all the available literature on the topic of telemedicine support for cardiologists. Therefore, the aim of this Position Paper by the Italian Society of Cardiology Working Group on Telecardiology and Informatics is to provide recommendations for an aware use of telemedicine support in every-day practice for cardiologists, with the aim of increasing the likelihood of success in translating these new technologies into improved clinical outcomes.
Methods

Data sources and searches
The PubMed database was systematically searched for studies published from January 1990 through December 2014. Our PubMed search query was 'telemedicine' and 'cardiology' or 'telecardiology' or 'pre-hospital electrocardiogram', specifically focusing on title/abstract (Fig. 1 ).
All references from selected studies were therefore assessed for relevant articles.
Selection criteria
Studies retrieved from the preliminary database search were examined: studies focusing on pregnancy pediatric cardiology or including the term 'newborn', 'pregnancy', 'pediatric', or 'fetal' were excluded from the study. Non-clinical studies not involving humans and patients were also excluded. Studies on stroke diagnosis and treatment were excluded. Original studies were preferred over review papers.
We have restricted the citations to, in our view, the most relevant and informative publications (Table 1) .
Telemedicine for primary and secondary prevention of cardiovascular disease
Telemedicine support was used for the early diagnosis of cardiovascular disease. Several studies addressed the feasibility of remote support by a cardiologist for general practitioners [7, 8] . Telemedicine could be a useful tool in the diagnosis of chest pain in primary care. When twohundred general practitioners were equipped with a portable electrocardiograph which could transmit a 12-lead electrocardiogram via a telephone line and a cardiologist was available 24 h a day for an interactive tele-consultation, the telecardiology service showed a sensitivity of 97.4%, a specificity of 89.5% and a diagnostic accuracy of 86.9% for the assessment of chest pain [9] .
A telecardiology service may provide a useful tool in the home management of chronic atrial fibrillation and in the first detection of new cases of atrial fibrillation [10] . Telemedicine is particularly useful in Structured telephone support via human to machine was the most cost-effective strategy and yielded an estimated incremental cost-effectiveness ratio the case of asymptomatic atrial fibrillation [11] . Elderly frail patients may specially benefit from telemedicine support [12] . Telecardiology may reduce unnecessary hospital admissions of patients with suspected life-threatening cardiac events, evaluated by general practitioners. Over one month, 456 consecutive patients complaining of typical or atypical chest pain, palpitations, dyspnea or syncope were enrolled, assessed by electrocardiogram and teleconsultation: in total there was agreement between the general practitioners and cardiologist about the presence of a cardiac event in 69% of the patients [13] . For 63% of patients judged as having a cardiac event by the general practitioner, telecardiology avoided hospitalization; on the other hand, telecardiology identified a cardiac event in 17% of patients judged as not having a cardiac event by the general practitioner.
In another study, over nine years, about 7000 peripheral medical users (mainly general practitioners), who were experienced in using transtelephonic electrocardiography and who were spread throughout Italy, conducted tele-consultations with a telecardiology center (total 106,942 patients evaluated) [14] . After tele-consultation, 58% were reported to have no heart disease, 26% had their drug dose adjusted and remained at home, 11% were sent to their cardiologist for further investigations and 5% were urgently hospitalized. Among the hospitalized patients, an STelevation coronary syndrome was found in 32%, a non-ST-elevation coronary syndrome in 40% and a life-threatening arrhythmia in 24%. Telecardiology may improve the decision making of general practitioners, avoid unnecessary hospitalizations, reduce the time before treatment in cardiac emergencies, rationalize health-care costs and promote home care.
Key-points
• Telemedicine support could be extremely useful for the management of suspected or overt cardiovascular disease by the general practitioner (IIB).
• Frail elderly subjects particularly benefit from telemedicine support (IIB).
Telemedicine for acute coronary syndrome
Early diagnosis of acute coronary syndrome and pre-hospital management of acute myocardial infarction is one of the fields with the larger body of evidence supporting the use of telemedicine. There is a more than 10-year experience with the use of telemedicine and pre-hospital electrocardiogram sent by the ambulance and used for the alert of cath-lab for primary PCI [15, 16] . The agreement between tele-and standard-electrocardiogram concerning alterations of the ST segment is usually very good (kappa = 0.99) [17] .
Patients with acute myocardial infarction, diagnosed pre-hospitally had shorter treatment delay compared with those diagnosed in the hospital, both in the setting of initial admission to a local hospital, and to an even larger extent in the setting of referral directly to the interventional center [18] . Transmission of a pre-hospital 12-lead electrocardiogram directly to the attending cardiologist's mobile telephone decreased door-to-PCI time by N1 h when patients were transported directly to PCI centers, bypassing local hospitals [19] . Pre-hospital electrocardiographic diagnosis and direct referral for primary PCI enables STelevation acute myocardial infarction patients living far from a PCI center and in rural areas to achieve a system delay comparable with patients living in close vicinity of a PCI center [20] [21] [22] . Immediate on field electrocardiogram screening may lower the rates of false negative diagnosis in the case of ST-elevation acute myocardial infarction with atypical presentation [23] .
The early evaluation and triage of patients with ST-elevation acute myocardial infarction with telemedicine technologies shortens door to balloon times, reduces infarct size, limits ejection fraction reduction, and shortens length of stay [24] . A dramatic 60% reduction in early and late mortality was observed in large registries on acute myocardial infarction with the use of pre-hospital electrocardiogram supported by telemedicine [25] ; pre-hospital triage was an independent predictor for survival at 1 year (hazard ratio: 0.37, 95% confidence interval: 0.18-0.75). Even data from meta-analysis studies show that the relative risk for in-hospital mortality from acute myocardial infarction was 0.65 (95% confidence interval, 0.42-0.99) for the telemedicine group when compared to standard treatment [26] .
Current European Society of Cardiology guidelines warmly recommend the use of pre-hospital electrocardiogram for the earliest diagnosis of ST-elevation acute myocardial infarction [27] . Networks should be established with regionalization of primary PCI treatment to address the challenges regarding pre-hospital diagnosis and treatment, triage and transport of ST-elevation acute myocardial infarction patients and collaborations between hospitals and Emergency Medical Services.
The use of pre-hospital electrocardiogram, telemedicine support and networks for the treatment of acute myocardial infarction has been already implemented in several regions so far, in Italy [28, 29] and worldwide [30, 31] .
Pre-hospital electrocardiogram should be interpreted by a cardiologist, given the poor accuracy of trained personnel emergency medical service personnel and automated algorithms. In a study based on 380 transmitted and 323 non-transmitted cases, the sensitivity and specificity of emergency medical service personnel detecting ST-elevation acute myocardial infarction were 99.6% and 67.6%, respectively; the positive and negative predictive values for ST-elevation acute myocardial infarction were 59.5% and 99.7%, respectively [32] . The accuracy of automated software is even poorer with a false diagnosis rate slightly below 30% [33, 34] . Current guidelines therefore always recommend a physician confirmation of electrocardiogram interpretation [35] .
Key-points
• The use of pre-hospital electrocardiogram for the diagnosis of ST-elevation acute myocardial infarction is warmly recommended, since it can shorten the delay to reperfusion (IA) and lower mortality (IB).
• Pre-hospital electrocardiogram should be preferably interpreted by a cardiologist, given a large number of incorrect diagnoses with automated algorithm (IIB).
Telemedicine for rehabilitation and chronic heart failure
The use of telemedicine support may be useful in rehabilitation after a cardiac event (acute myocardial infarction, PTCA, post-cardiac surgery and chronic heart failure (HF)). Telemedicine based rehabilitation after cardiac surgery is feasible and safe [36] . When two models of assistance (telecardiology versus usual care) for patients discharged after acute coronary syndrome were compared in the assessment of angina, telecardiology slightly reduced hospital readmissions (44% versus 56%) [37] . In a large population who survived hospitalization after sustaining an acute myocardial infarction, subjects followed by telemedicine support had significantly higher survival rates at 1 year [38] . The direct 12-week comparison of a conventional and a telemedicine approach showed the suitability of telemedicine for delivering cardiac rehabilitation for risk factor modification and exercise monitoring to patients who otherwise would not have access to it [39] .
The largest experience is available on subjects with chronic HF. During an eight-year period, in 358 patients with chronic HF, a six-month home-based tele-management program was associated with favorable effects on hospital readmission for cardiovascular reasons and on quality of life [40] . In 602 chronic HF patients, tele-management and homebased tele-surveillance programs, a significant improvement in New York Heart Association class, left ventricular ejection fraction, 6-min walking distance, and Minnesota Living with Heart Failure Questionnaire was observed [41] .
In the retrospective, matched-pairs study "Telemedicine for the Heart", besides a reduction of costs, patients with chronic HF and telemedicine support experienced a reduced number of hospital stays, optimized medical therapy, better quality of life, and reduced mortality [42] . Remote patient monitoring, when utilized in conjunction with a robust management protocol, was not found to significantly differ from live nursing visits in the management of HF in home care [43] . Shorter hospitalization times and lower associated costs may be due to earlier identification of exacerbation. In 116 chronic HF patients, telemonitoringfacilitated collaboration between general practitioners and a HF clinic reduces mortality and number of days lost to hospitalization, death, or dialysis in chronic HF patients [44] . Tele-health care combined with discharge planning could reduce family caregiver burden, improve stress mastery, and improve family function during the first 30 days at home after HF patients are discharged from the hospital [45] . Automated home telephone self-monitoring reduces hospitalization in patients with advanced HF [46] .
Even in multicenter randomized trials home-based tele-management with patients receiving a portable device, transferring, by telephone, a one-lead trace to a receiving station where a nurse was available for interactive tele-consultation, the intervention was associated with a 36% decrease in the total number of hospital readmissions and a 31% decrease in the total number of episodes of hemodynamic instability; the rate of HF-related readmission was 19% vs 32% and the mean cost for hospital readmission was significantly lower [47] .
In a large meta-analysis tele-monitoring and structured telephone support reduced chronic HF-related hospitalizations [48] . Both interventions improved quality of life, reduced costs, and were acceptable to patients. Improvements in prescribing, patient-knowledge and selfcare, and functional class were observed.
Controversies still persist since other studies did not confirm such encouraging findings. In 710 stable chronic HF patients in New York Heart Association functional class II or III with a left ventricular ejection fraction ≤35% and a history of HF decompensation within the previous 2 years or with a left ventricular ejection fraction ≤25%, remote telemedicine monitoring had no significant effect on all-cause mortality or on cardiovascular death or HF hospitalization compared with usual care [49] . Among 1653 patients who had recently been hospitalized for HF to undergo either tele-monitoring or usual care, telemonitoring did not improve outcomes [50] .
However, in a meta-analysis of 21 randomized control trials (5715 patients), remote patient monitoring was associated with a significantly lower number of hospitalizations for HF [relative risk 0.77, 95% CI 0.65-0.91] and for any cause (relative risk 0.87, 95% CI: 0.79-0.96) [51] . In a budget impact analysis, the adoption of a telemedicine based strategy entailed a progressive and linear increase in costs saved. In another a meta-analysis including 6.000 patients from 25 trials, case management type interventions led by a HF specialist nurse reduces HF related readmissions after 12 months of follow-up, all cause readmissions and all cause mortality [52] .
Key-points
• The use of telemedicine may be useful for the large implementation of rehabilitation programs (IB).
• Remote telemedicine monitoring of patients with chronic heart failure is recommended for the reduction of rehospitalization (IIB).
Telemedicine for arrhythmias and cardiac implantable electronic devices
This paper is not specifically aimed at the evaluation of remote control for implantable cardioverter-defibrillators. Notwithstanding, some aspects of interest intertwining telemedicine and cardio-stimulation must be considered.
The field of telemedicine provides the opportunity for highly individualized medical management in a way that has never been possible before. Evolving medical technologies using cardiac implantable devices with capabilities for remote monitoring permit evaluation of multiple parameters of cardiovascular physiology and risk, including cardiac rhythm, device function, blood pressure values, the presence of myocardial ischemia, and the degree of compensation of congestive HF [53, 54] . Cardiac risk, device status, and response to therapies can now be assessed with these electronic systems of detection and reporting.
Remote monitoring reduces emergency department/urgent in-office visits and, in general, total healthcare use in patients with implantable cardioverter-defibrillators or defibrillators for resynchronization therapy [55] . Compared with standard follow-up through in-office visits and audible ICD alerts, remote monitoring results in increased efficiency for healthcare providers and improved quality of care for patients. Longterm home-monitoring of implantable cardioverter-defibrillators is at least as safe as standard ambulatory follow-ups with respect to a broad spectrum of major adverse events [56] . It also lowered significantly the number of appropriate and inappropriate shocks delivered, and spared the device battery. Home monitoring is feasible and associated with an early detection of medical and technical events [57] .
Remote monitoring was assessed also in subjects with cardiacresynchronization therapy device (CRT-D). CRT-D patients followed with quarterly in-office visits without a daily remote monitoring system had an 86% higher risk of delayed detection of clinical adverse events, during a median follow-up of 7 months [58] . In a large dataset of patients implanted with ICDs and CRTDs, however, younger age and small clinical size were important predictors of noncompliance to remote monitoring [59] : there is room for improvement in remote monitoring usage.
Key-points
• Home monitoring of cardiac implantable electronic devices is feasible and associated with an early detection of medical and technical events (IA).
Telemedicine: considerations on cost-efficacy
The cost-effectiveness of telemedicine is still a matter of debate. Nevertheless, recent evidence shows some potential cost reduction associated with the implementation of telemedicine support. A cost per quality-adjusted life year gain of €1927 was calculated in a regional registry for pre-hospital electrocardiogram diagnosis of ST-elevation acute myocardial infarction [60] . Similarly, an 83$ individual cost saving per year was figured in another emergency setting using telemedicine support [61] .
Data from patients enrolled in the TARIFF registry confirm that there are social and economic impacts to patients attending routine device checks in hospital which can be significantly reduced by using a remote monitoring strategy [62] . The effect of home-based telecardiology on management of chronic HF was lower costs by 24% [63] . In a decision analysis modeling to examine the cost-effectiveness of different remote monitoring technologies by Thokala et al., structured telephone support via human to machine was the most cost-effective strategy and yielded an estimated incremental cost-effectiveness ratio compared to usual care [64] . The issue however still needs further investigations.
Key-points
• The use of telemedicine may favor cost reduction (IIB).
Conclusions
Telemedicine has a potential broad application to the cardiovascular disease continuum and in many branches of cardiology, at least including HF, ischemic heart disease and arrhythmias [65] . Telemedicine might have an important role as part of a strategy for the delivery of effective health care for patients with cardiovascular disease. Adequately powered multicentre, randomized controlled trials are required to further evaluate the potential benefits and cost-effectiveness of such strategy.
Key-points
• The use of telemedicine is useful in delivery of effective health care for patients with cardiovascular disease.
